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general description 


The EICO Model 488 Electronic Switch permits you to observe two voltage or 
current waveforms simultaneously on the screen of a single oscilloscope. The 
amplitude of each pattern is separately adjustable by means of individual gain 
controls in each input channel and the patterns may be superimposed or sep- 
arated by any desired amount with a positioning control. In addition to Its 


basic function as an electronic switch, the Model 488 is on excellent square 


wave generator over the range of switching frequencies (10 to 2000 cps. ). 


The electronic switch Increases the usefulness of any oscilloscope more than 
any other accessory. In many cases, it makes one oscilloscope more useful 
than two would be. An invaluable aid In the design, study, and servicing of 
electronic and electrical power circuits, a few examples of its uses are the 
following: direct comparison of voltage and current amplitudes, waveforms, 
frequency, and phase relationships; establishing an always visible voitage ref- 
erence level (when used with a voltage calibrator such as the EICO Model 
495); establishing a zero base tines checking amplifier distortion checking 


observed simultaneously on 1 the s screen of a single ‘oscilloscope as s desired; two 
In tandem for three patterns, three {n tandem for four patterns, and so on. The 
latter arrangement Is very useful for investigation of polyphase power systems 


and equipment. 


specifications 
APPROXIMATE SWITCHING RATES RANGES (also Square-Wave Generator 
Ranges) 
Low ranges ......-e00. less than 10 cps to 100 cps continuously yortable. 
Middle Range: ....... 50 cps to 400 cps continuously variable. 
High Range: ...... .-. 250 eps to 2000 cps continuously variable. 


CONTROLS 


Amplitude 1 control, Amplitude 2 control, Positioning control, Freq. Se- 
lector switch, Freq. Vernier control. 


TUBE COMPLEMENT ..... 2- 12AU7, 2- 6AU6, I- 6X5 
POWER REQUIREMENTS ... 105-125 volts AC, 50-60 cycles; 25 watts. 
SIZE .........22-.222-2. 6" high, 8" wide, 6" deep. 


WEIGHT .........-. woeee 7 Ibs. 


circuit description 
GENERAL 


Fig. 1 fs a simplifled block diagram of the electrenic switch. The circulf con- 
sists of two identical channels — 1 and 2— which operate alternately. The 
multtvibrator stage In each channel develops a square wave which is 180 de- 
grees out of phase with that developed in the other channel. These square 

waves are used to gate (control the off-on operation of) the two mixer output 
tubes so that the two impressed signals appear alternately at the output termi- 
nals. Asa result of the persistence of vision of the human eye and the per- 
sistence characteristic af the flunreecant materialon the otci!lsecene sarcen, 

together with the fact that the oscilloscope ts synchronized with the signal 

Frequency and not the switching frequency, the eniire waveform of both signais 
appears on the screen. 
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SWITCHING ACTION. 


x 
Cathode follower V2a controls mixer output tube V4 and recelves Its orid ox- 


LIne SOoIves TS gris ox 


citation through C7, from the plate of the Vla multivibrator. Cathode follower 


V2b controls mixer output tube V3 and receives its grid excitation through C8 


from the plate of the V1b multivibratgr. 


Via and Vib form a conventional multivibrator. The operating frequency of 
the multivibrator Is varlable In frequency by the coarse control Sland the fine 
control RI. (Sl and R1 control the R"C combinatian which determines the 
charge and discharge time. ) 


The square wave output from each plate of the multivibrotor ts 180 degrees out 
of phase withthe opposite plate. This phase relationship is maintained between 
the outputs of the two cathode follower stoges V2a and V2b, which are in turn 
uSed fo gate the two mixer output tubes V3 and V4. 
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For purposes of explanation, consider an instant when a positive pulse from Via 
causes V2a to conduct. This causes current to flow through R9, common to the 
cathodes of V2a and V4, which increases the bias of V4 sufficiently to drive 
V4 to cut-off by making its cathode more positive (equivalent to a more neg- 
ative grid). During the same half-cycle, a negative pulse from the plate of 
V1b biases V2b ta cut-off, and so no current flows through R10, camman to the 
cathode of V2b and V3. Asa result, V3 operates with normal bias. 


During the next half-cycle, V1b supplies the positive pulse and Via the neg~ 
ative puise. By simiiar reasoning, it can be seen that in this haif-cycie VZa 
is biased to cut-off and V4 operates with normal bias while V2b conducts and 
V3 is driven to cut-off. 


POSITIONING (TRACE SEPARATION) 


The vertical separation on the screen between the two signals is achieved and 
controlled by RIS (POSITIONING control) which varies the screen grid voli= 
ages of V3 and V4 (mixer output tubes) in opposite directions and therefore 
similarly varies the quiescent currents in these tubes. As a resuit the pulses at 
the output, derived alternately from the two mixer output tubes, are generally 
of different amplitude (unless the POSITIONING control is so set as to make 
the screen voltages equal, In whichcase one trace will be superimposed on the 
other). This difference in amplitude causes the output to be a square wave at 


The smuera weave ts ranraduced on the 


’ 
the multtutbeater snerating franuency The square wave Is reproduced on the 


the muitivibrator operating frequency. 
oscilloscope screen in the form of a vertical separation of the two signal traces, 
each of which is superimposed on one of the two sets of pulses arriving alternately 
at the output terminals. , 


CHANNEL GAIN CONTROLS 


Ifed to R12 (AMPLITUDE 1 control) and the V3 input, the 


Mint nput, 
° 


As signal ] i hi 
amplitude of signal 1 in the output is a function of the V3 stagé gain and the 
stiting of R12. As signal 2 is applied fo RIT {AMPLITUDE 2 conirol) and the 


V4 Input, the amplitude of signal 2 in the output is a function of the V4 stage 
gain and the setting of R11. 


POWER SUPPLY 


The power supply consists of the power transformer TI with a center-tapped 


(grounded) main secondary winding te each end of which is connected a plate 
of the full-wove, high-vacuum rectifier V5. The filter is composed of the two 


Fok Wal 'mon , 


shunting capacitors Ci0 and C9D that present a iow reactance to ground and 
a choke L1 in series that presents a high reactance to the ripple frequency so 
that a clean and relatively high de output voltage is obtained. The T1 6.3 volt 
secondary winding supplies power for all filaments and pilot lamp 11. 
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To Sort proper results with your electronic switch, it is advisable to become 
acquainted with the functions and correct use of the panel conrrols and termi- 
nals by going through the procedure that follows. This procedure will also 
serve to assure you that the Instrument is in proper working condition. 


terminals of the electronic switch to the vertical in- 


e, before tuming the Instrument on. 


Us Connect the OUTPU 
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CAUHON: 
WITH THE "HOT" OUTPUT TERMINAL WHILE THE INSTRUMENT IS TURNED 
ON, AS THERE 1S A HIGH DC VOLTAGE ON THIS TERMINAL. (Conforming 
to the practice of most electronic switch manufacturers, there is no blocking 
capacitor in the electronic switch output. The reason for this practice is that 


most scopes have input blocking capacitors. ) 


rest scopes 
2) Set the electronic switch contro 

a) Rotate the AMPLITUDE 1, AMPLITUDE 2, and POSITIONING con- 
trols to their extreme counter-clockwise positions. 

b) Set the FREQ. SELECTOR at 50-400. 

c) Rotate the FREQ. VERNJER control to its extreme clockwise position. 


3) Set up the oscilloscope for normal operation and make the following con~ 
! adjustments. 

a) Set the horizontal input selector at internal sweep. 

b) Set the sync selector at internal sync. 

c) If the 'scope has a vertical input attenuator, set it at the posifion 
which provides an attenuation of about 100:i or permits a maximum input vo!t- 
age of several hundred volts. Do not be concerned with instruction ff your 
"scope has no vertical step attenuator. 

d) Adjust the vertical gain control so tha ihe upper and lower troces 
are about an inch apart. 

e) Set the sweep frequency bund selector (course frequency conics)? at 
a range comparable to 15-100 cps. 

Ff) Adjust the sweep vernier (fine frequency) contre! te a pc 
679 cycles is locked in place on the ‘scope screen, using ag 'iiti. sync voltage 
as possible. The pattern should appear as in Fig. 2. 


Portions "I" and "2" of the square wave will not generally be of precisely equal 
length. Whether they are or not is of no importance to the cperution and per- 
formance of the instrument either os an electron!: owitch ur oF « square wave 
generator. You may also notice a barely visibiz "pip" which regularly ap- 
pears on the trafling edge of the square wave. iis "pip" doss not interfere 
with the proper operation of the instrument in any way. ft fs characteristic of 
the circuit and will be found in far more expensive equipmenr of this type. 
o4e 
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“Fig. 2. POSITIONING CONTROL AT EXTREME COUNTER CLOCKWISE POS 


MING contro! permit diust 
the "I" and "2" faces! With it you may / superimpose one ‘troce: upon ‘the ‘other 
or reverse the vertical order of appearance of the traces on the ‘scope screen. 
The extreme counter-clockwise position of this control provides maximum sep- 
aration of the traces for one vertical order of appearance ("1" above "2") as 
shown in Fig. 2, The extreme clockwise rotation yields maximum separation 
for the reverse vertical order of appearance ("2" above "1")as shown In Fig. 3. 

Atenme setting of the POSITIONING contral hetween the extremec of ratation, 


one trace will be superimposed upon he other as epewnt in a FIG a Turn the 
the maximum counter-clockwise position Seale: the action described above. 


5) In this test, the identical audio frequency signal will be fed to both chan- 
nels of the electronic switch in order to demonstrate the operation of the in- 
strument andthe use of the remaining controlsand terminals. For convenience, 
the 60 cycle test outputof thescope will be used as the audio frequency source, 
although an audio oscillator could be used instead 
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Connect the 60 cycle test output of the ‘scope to the upper INPUT 1 terminal 
post and then connecta jumper between the upper INPUT 1 oe upper INPUT 2 
terminal posts. 


With the AMPLITUDE 1 and AMPLITUDE 2 controls at the extreme counter-clock- 
5 


ule POSITION, the 60 cycle test signal being fed into both amplifiers is not 
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ampliffed and therefore dees not show on the 'scope screen. 
TUDE control clockwise and observe the drifting 60 cycle sine wave pattern 
superimposed on either the top or bottom of the square wave. Turn the AMPLi~ 
TUDE 2 control clockwise and observe the appearance of a similar pattern super~ 
imposed on the opposite side of the square wave. The "checkerboord" pattern 
obtained Is characteristic when the 'scope sweep is synchronized with the switch- 
ing frequency of the electronic switch. 


Now connect a jumper bebween the 60 cycle test output and the external syne 
terminal of the weepe and ser the syne selector at external syne. Note: if the 
selector on your ‘scope has a 60 cycle sync position, the connection between 
the 60 cycle test output and the external syne terminal could be eliminated. 
However, we advise that you make this connection and use the externa! sync 
position anyway, since it corresponds to the procedure which must be followed 
in the normal use of the instrument when the signal source is external and nat 
at line frequency ar a multiple thereof. 


Set the 'scope's sweep frequency band selector at a range including 30 cps and 
adjust the ‘scope's sweep frequency vernier controi until each pattern on the 
"scope screen co sists of two cycles (using as little sync voltage as possible). 
Readjust the 488's FREQUENCY VERNIER control to obtain as solid a trace as 
possible. 


The Jecone 2: 
scope swe 


should be when the thshnument Is being used as on sleceoule slick. (When 
the instrument is being usedas a square wave generator, if is the switching fre- 
quency ifself which is beingabserved, ond the oscilloscope is therefore synchro- 
nized with the switching frequency. ) : 


Fig. 5. Fig. 6. Fig. 7. 


When aperating the Instrument as an electronic switch, do not synchronize or 
_adjusi i fhe 's scope | sweep ata muylitple or sub~multiple of theswiiching frequency 
as the traces will oppear as a series of dots or dashes (see Fig. 5). The latter 


phéridmhenon is unavoidable when observing low frequency signals, where a high 


ae 
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switching frequency Is necessary to avoid serlous flicker. Ingeneral, the switch- 
Ing frequency should always be adiusted to give as solid trace as possible, al~ 
though the dot or dash pattern Is very often unavoidable. Another thing that 
should be avoided fs setting the switching frequency too low, as doing so will 
result in a noticeable flicker in the trace due to the limited persistence of an 
image on the screen, 


As the final step In becoming acquainted with the electronic switch controls, 
vary individually the AMPLITUDE 1 and AMPLITUDE controls, noting that each 


controls the amplitude of one of the traces. Then adjust both traces to the same 


eases wale ced ce the DASITIONIINICS eanten! be eumarinnase ane teense usar 
amplitude GnG VSF MES CYopiwivies Conroe superimpose one wace upon 


the other (Fig. 6). Finally, reduce the amplitude of one trace to zero, noting 
how in this manner the electronic switch can be used to provide a base iine 


(Fig. 7). 
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Fig. 8 illustrates the connections for viewing simultaneously the input and out- 
put waveforms of either a single stage or a complete amplifier. A sine o: 
square wave signal is applied to the amplifier and the "1" input of the elec- 
tronic switch. The output of the amplifier is applied to the "2" input, The 
output of the electronic switch is connected to the vertical Inputof the 'scope. 
Note that external synchronization is used and the synchronizing signal is ob~ 
tained from the audio generator output. For veryoccurate checks of distortion, 
adjust the AMPLITUDE 1 and 2 controls until the two troces are of equal om- 
plitude ond then use the POSITIONING control to superimpose one Upon the 
other. When thts has been done, accurate point-to-point comparison of the 
troces will make any distortion apparent. 
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An extremely rapid method for simultaneous waveform observation ond oc 
peak-to-peak voltage measurement is possible with the combinotion of a voltage 
calibrator (such os EICO Model 495) and an electronic switch. Fig. ¥ iiius- 
trates the connections. 
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Before the signal Is connected to input "1" however, the "I" and "2" inputs 


must be connected in parallel and the two electronic switch amplifiers adjusted 
fer equa! galn. The signal veltage for these inttlal adjustments (obtained fram 
the voltage calibrator) should be in the same range as the voltages to be mea- 
sured. For example, if voltages from 10 to 100 volts peak-to-peak ure fo be 
measured, use any voltage from 20 to 50volts peak-to-peak for the initial gain 
adjustments. Use the POSITIONING control to superimpose one trace on the 
other and then adjust the AMPLITUDE 1 and 2 controls until the two traces ex- 
actly coincide at a suitable deflection for the range of voltages tobe measured. 
When this fs completed, the slgnal connection to the electronic switch can be 


made. 


The appearance of the calibrator output (usually a 60 cycle square wave) will 
depend on the frequency of the signal (with which the ‘scope sweep is synchro- 
nized). It will vary from a stationary square wave (Fig. 10) when the signal 


frequency is 60 cycles or a sub-multiple thereof fo two bright horizontal lines 
with a dimmer luminous area between them at high sweep frequencies (Fig. 11). 
In any case it is only the peak-to-peak amplitude of the calibrator pattern 
which is of interest. The calibrator output is adjusted with the calibrator con- 
trol only (do not touch the AMPLITUDE 1 and 2 controls after the initial ad- 
jugtments are made Far equal gain) until the calibrator patternhas the same peak- 


to-peok amplitude as the signal pattern and then the signal amplitude may be 


cai k dt rectlo fran the colibrater dtale th eealk-tece ‘ 
reau airectiy trom the-calibratér dials:ih peak-to-peak volts. 
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scribed for establishing a voltage reference level. Fig. 12 illustrates the con- 
nections. ere the voltage colibrator is replaced by onother signal source but, 
just as before, the two electronic switch amplifiers must be adjusted for equal 
goin. Either one of the signal sources may be used for the Initial gain adjust- 
ments. Once this has been done, the two signals will appear on the screen in 


the correct amplitude relationship. 


PHASE- SHIFT MEASUREMENT 


The method and connections for phase-shift measurement is the same as that for 


rison. While e 


Tal 
© equal gain acivs 


e o : vel gain adiustment is not o necessity 
here, it is certainly advisable however. Phase-shift (illustrated in Fig. 13) 


is approximately measurable by dividing the horizontal distance (a) between 
corresponding adjacent peaks of the two traces by the horizental distance (b) 
occupied by a full cycle of the signal and multiplying the quotient by 360 de- 
grees (degrees in a fullcycie). Obviously, this method is not too good for mea- 
suring very smal! phase differences due to the difficulty in measuring the dis- 


tance between adjacent corresponding sine-wave peaks. 
CHECKING CROSS-OVER NETWORKS 


Cross-over (frequency divider) networks are used a good deal in the multiple- 
speaker systems incorporated in high-fideiity audio instailarions. They consist 
of high and low pass filters connected in parallel which are interposed between 
the amplifier output andthe speaker voice coils. The "tweeter" speaker is con- 
nected to the output of the high-pass filter and the "woofer" speaker to the 
output of the low-pass filter. In thisway, high frequencies are confined to the 


fined to the "woofer". 
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The cross-over frequency is that frequency which is attenuated equaily by the 
high-pass and low-pass filters. The optimum cross-over frequency depends on 
the characteristics of the system and is generally chosen to match the charac- 
teristics of the "woofer" and "tweeter". 


ob for the technician, particularly 
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if the cross-over network is one he is designing himself. By the method given 
here, the cross-over frequency may be ascerfained and changes made in the 
circuit toachieve the desired results. Fig. 14 below illustrates the connections. 
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The electronic switch amplifiers must first be adjusted for equal gain as de- 
scribed above, using the audio generator as a signal source (do not touch the 
AMPLITUDE 1 and 2 controls thereafter.). Once this has bean dane, the con- 
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Fig. 14. 


nections shown In Fig. 14 can be made and the audio generator frequency 

varied through the audio spectrum until the two sine wave traces on the screen 

are squall Inamelttude, The frasueney ot which the audis cenerste: Is cetwh 
GUS! IREMprrvas. PAS rrequency Ger whith ms Guais gencsraior is seit when 


this result Is obtained js the cross-over frequency. 


VIEWING MORE THAN 2 SIGNALS 


By using Model 488's in tandem,as many patterns can be observed simu! tane- 

ously on the screen of a single 'scope as desired; two in tandem for three pat- 

tern; three in tandem fer four catterns. andso on. Tor examule. the connectic 
FOnp COLD TRUM Cer IOUT pI, UNUSY ON. FOF caumpic, Me COPMECTIONS 


for viewing three patterns are as follows (see Fig. 15): 
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Fig. 15. 
Connect signals | and 2 to inputs 1 and 2 respectively of electronic switch A. 
Connect the output of electronic switch A (through a .5 mf coupling cagacitor) 
TpVr Vl CISC VIN SWIG AY VOUgn Ga .o THT Coupling capaci) 


and signal 3 to inputs] and 2 respectively of electronic switch B. Connect the 
“lle 


output of electronic switch B to the ‘scope input. As usua 
is obtatned from the signal source. 


SQUARE WAVE TESTING: 


The square wave signal provided by the Made! 488 Electronic Switch can be 


The square wave sig 
used to check amplifters as to frequency response, phase shift, transient 
response, deficient design, or faulty components. The-equismentietet upce 


shown in Fig. 16. 


——_—_ | 
MOREL aoe | | equipment 17 To | | 


| IPN 


Fig. 16. 


First, asa means of eOmpar ron, the square wave output from the electronic 
switch Is viewed on the ‘scope. The horizontal sweep of the ‘scope should be 
adjusted sm that at least two full cycles can be seen on the screen. (Fig. 17a 


shows one full cycle of a perfect square wave). The 'scope is then connected 


to the output of the amplifier under test go that the modified square wave can 


be viewed on the screen. Possible output wave shapes are shown in Fig. 17b 
to 171, and the significance of each wave shape is explained below. 
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Fig. 17b shows "rounding" of the leading edge of the square wave. This indi- 
cates a drop-off in gain at high frequencies. “Rounding! wiitgensraily.beok— 
servable when there is a substantial drop in the gain by the tenth harmonic (or 
less). Therefore, if a 2 Ke square wave fed to the amplifier is reproduced on 


the 'scope without "rounding", the amplifier is flat to 10X2 Ke = 20 Ke. 


of2- 


Fig. 17¢ shows the effect af increased gain and Fig. 17d shows the effect of 
decreased gain at the square wave frequency. Fig. 17e indicates lowered gain 


at a narrow frequency band. If the square wave frequency ts brought tnto this 


narrow frequency band, Fig. 17d will result. 


if, at low frequencies, there is phase shift in the leading direction, or a drop- 
off in gain, thesquare wave willbe tilted as in Fig.17f. if there ts phase shift 
in the laaging direction, the top of the square wave will be tilted as in Fig. 
17g. The steepness of the tilt is proportional to the amount of phase shift. 


Phase shift is not important in audio empl trees; although the ear is not entirely 


Insensitive to it. In television and 'scope amplifiers, however, phase shift 
should not be folerated. 


Fig. 17h shows the pulse output from the amplifier that results when the square 
wave has undergone differentiation. This will happen when the grid resistor or 


the coupling condenser is too low in value or if the coupling condenser is par- 
Hally open, Laetly, Fig. 171, shows a square wave with damned oscillations 


riaiy Oper. ast 


following the leading edge. This results when a high frequency square wave is 
fed fo an amplifier in which distributed copuciiirs and lead inductances resonate 
at low frequencies. in television and 'scope amplifiers it may result from an 


undamped peaking coil. 


EtCO REPAIR SERVICE 


if your instrument fails to function properly and the cause of the trouble can 


novbe founds Vou may returi-it te: the EICO recaindepartmentivhererit willbe 


repaired ata charge of $4.00 plus the cost of parts. (If your inatrument has 
been buiit from the kit form, refer to the complete statement of the EICO serv- 
icing policy in your construction book.) Pack carefully and ship by prepaid 
Railway Express if possible. Return shipment will be made by express collect. 
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extreme counterclockwise position with the exception of the 
FREQ. SELECTOR ewiteh, which fe sat at "50-400". 
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